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SUBSTRATE SLOT FORMATION 



[0001] This application is a continuation-in-part and claims priority from a 

U.S. patent application having serial number 10/061,492, filed on 1/31/02, entitled 
Methods and Systems for Forming Slots in a Semiconductor Substrate. 



BACKGROUND 

[0002] Fluid-ejecting devices such as print heads often incorporate a slotted 

substrate in their construction. It is desirable to form slotted substrates having 
fluid-handling slots positioned closely together on the substrate. Some current 
slotting techniques cannot produce slots as close together as desired. Other 
existing technologies produce slotted substrates having a high failure rate due to 
cracking. For these and other reasons, there is a need for the present invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0003] The same components are used throughout the drawings to reference 

like features and components. 

[0004] Fig. 1 illustrates a front elevational view of an exemplary printer. 
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[0005] Fig. 2 illustrates a perspective view of an exemplary print cartridge 

suitable for use in at least some exemplary printing devices in accordance with one 
exemplary embodiment. 

[0006] Fig. 3 illustrates a cross-sectional view of a portion of a print 

cartridge in accordance with one exemplary embodiment. 

[0007] Figs. 4a-4c, 5a-5d and 6a-6b illustrate cross-sectional views of an 

exemplary substrate in accordance with one exemplary embodiment. 
[0008] Fig. 6c illustrates an exemplary saw path in accordance with one 

exemplary embodiment. 

[0009] Figs. 7a, 7c, 7e 7g and 7j illustrate cross-sectional views of a substrate in 
accordance with one exemplary embodiment. 

[00010] Figs. 7b, 7d, 7f, 7h and 7i illustrate elevational views of a substrate 
in accordance with one exemplary embodiment. 

[00011] Fig. 8 represents a graph of nozzle movement in accordance with one 
exemplary embodiment. 

[00012] Fig. 9 illustrates a cross-sectional view of a portion of an exemplary 
substrate in accordance with one exemplary embodiment. 

[00013] Figs. 10- 10a illustrate cross-sectional views of a portion of an 
exemplary substrate in accordance with one exemplary embodiment. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[00014] The embodiments described below pertain to methods and systems 
for forming slots in a substrate, such as a semiconductor substrate. One 
embodiment of this process will be described in the context of forming fluid-feed 
slots in a print head die substrate. 

[00015] Fluid-feed slots ("slots") can be formed in various ways. In some 
embodiments, a slot is formed, at least in part, by forming a feature into the 
substrate. As used herein, the term "feature" can comprise a 'through feature 1 
which passes all the way through a portion of the substrate's thickness, such as a 
"slot". Other satisfactory embodiments m ay form a 'blind feature' which passes 
through less than the entire thickness, such as a trench, among others. In one 
exemplary embodiment, a feature can be formed in a substrate by making a saw 
cut with a circular saw from a first side or surface of the substrate. A feature 
formed in this manner may have a tapered elevational profile. 
[00016] Some exemplary embodiments can also remove substrate material 
from a generally opposite second surface of the substrate with abrasive particles 
directed at portions of the substrate. In some of these embodiments, the abrasive 
particles are delivered from a sand drill nozzle. In some embodiments, the sand 
drill nozzle is positioned at a first portion of the substrate's second surface and then 
subsequently at a second different portion. In some of these embodiments, the 
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nozzle is moved along the feature at a rate corresponding to the feature's tapered 
elevational profile. 

[00017] The combination of cutting and removing can remove substrate 
material to form a slot having a desired profile through the substrate in some 
embodiments. Slots made this way can be very narrow and as long as desired. 
Narrow slots result from the removal of less substrate material than wider slots of a 
given length and as such may be faster to form and/or result in beneficial strength 
characteristics of the slotted substrate that can reduce die fragility. This, in turn, 
can allow slots to be positioned closer together on the die. 

[00018] Although exemplary embodiments described herein are described in 
the context of providing dies for use in inkjet printers, it should be recognized and 
understood that the techniques described herein can be applicable to other 
applications where slots are desired to be formed in a substrate. 
[00019] The various components described below may not be illustrated 
accurately as far as their size is concerned. Rather, the included figures are 
intended as diagrammatic representations to illustrate to the reader various 
inventive principles that are described herein. 

[00020] Fig. 1 illustrates an exemplary printing device that in this 
embodiment comprises a printer 100. The printer shown here is embodied in the 
form of an inkjet printer. The printer 100 can be capable of printing in black-and- 
white and/or color. The term "printing device" refers to any type of printing 
device and/or image forming device that employs a slotted substrate to achieve at 
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least a portion of its functionality. Examples of such printing devices can include, 
but are not limited to, printers, facsimile machines, photocopiers, and the like. 
[00021] Fig. 2 illustrates an exemplary print cartridge or pen 202 that can be 
used in an exemplary printing device such as printer 100. The print cartridge 202 
is comprised of a print head 204 and a cartridge body 206. While a single print 
head is shown on print cartridge 202, other print cartridges may have multiple print 
heads on a single print cartridge. Some suitable print cartridges can be disposable, 
while others can have a useful lifespan equal to or exceeding that of the printing 
device. Other exemplary configurations will be recognized by those of skill in the 
art. 

[000221 The various print heads described above and below provide 
examples of exemplary micro electro mechanical systems devices ("MEMS 
devices") or fluid ejecting devices. Suitable MEMS devices will be recognized by 
the skilled artisan. 

[00023] Fig. 3 illustrates a cross-sectional representation taken along line a-a 
of a portion of the exemplary print cartridge 202 as shown in Fig. 2. Fig. 3 shows 
the cartridge body 206 containing fluid or ink 302 for supply to print head 204. In 
this embodiment, the print cartridge is configured to supply one color of fluid or 
ink to the print head. In this embodiment, a number of different slots 304 supply 
ink 302 for ejecting from print head 202. This view shows a short axis of the slots 
which is transverse a long axis extending into and out of the page. 



20029209-1 



7 

[00024] Other printing devices can utilize multiple print cartridges each of 
which can supply a single color or black ink. In some embodiments, other 
exemplary print cartridges can supply multiple colors and/or black ink to a single 
print head. For example, other exemplary embodiments can divide the fluid 
supply so that each of the three slots 304 receives a separate fluid supply. Other 
exemplary print heads can utilize less or more slots than the three shown here. 
[00025] Slots 304 pass through portions of substrate 306. In this exemplary 
embodiment, silicon can be a suitable substrate. In some embodiments, substrate 
306 comprises a crystalline substrate such as monocrystalline silicon. Examples of 
other suitable substrates include, among others, gallium arsenide, glass, silica, 
ceramics, or a semi-conducting material. The substrate can comprise various 
configurations as will be recognized by one of skill in the art. 

[00026] Substrate 306 has a first surface 310 separated by a thickness t from 
a s econd s urface 3 12. T he d escribed e mbodiments c an w ork s atisfactorily with 
various thicknesses of substrate. For example, in some embodiments, the 
thickness t can range from less than about 100 microns to at least about 2000 
microns. The thickness t of the substrate in one exemplary embodiment can be 
about 675 microns. Other exemplary embodiments can be outside of this range. 
[00027] As shown in Fig. 3, print head 204 further comprises independently 
controllable fluid drop generators positioned over the substrate 306. In some 
embodiments, the fluid drop generators comprise firing resistors 314. In this 
exemplary embodiment, the firing resistors 314 are part of a stack of thin film 
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layers positioned over the substrate's first surface 310. For this reason, the first 
surface is often referred to as the thin-film side or thin-film surface. 
[00028] A barrier layer 316 can be positioned over the thin- film layers. The 
barrier layer 316 can comprise, among other things, a photo-resist polymer 
substrate. In some embodiments, above the barrier layer is an orifice plate 318. In 
one embodiment, the orifice plate comprises a nickel substrate. In another 
embodiment, the orifice plate is the same material as the barrier layer. Orifice 
plate 318 can have a plurality of nozzles 319 through which fluid heated by the 
various firing resistors 314 can be ejected for printing on a print media (not 
shown). The various layers can be formed, deposited, or attached upon the 
preceding layers. The configuration given here is but one possible configuration. 
For example, in an alternative embodiment, the orifice plate and barrier layer are 
integral. 

[00029] The exemplary print cartridge shown in Figs. 2 and 3 is upside down 
from the common orientation during usage. When positioned for use, fluid can 
flow from the cartridge body 206 into one or more of the slots 304. From the slots, 
the fluid can travel through a fluid-feed passageway 322 that leads to an ejection or 
firing chamber 324 that can be defined, at least in part, by the barrier layer 316. 
An ejection chamber can be comprised of a firing resistor 314, a nozzle 319, and a 
given volume of space therein. Other configurations are also possible. 
[00030] Figs. 4a-4c, 5a-5d and 6a-6c represent a portion of cross-sections 
oriented along line b-b indicated in Fig. 2. These figures illustrate several 
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exemplary methods of removing substrate material with a circular saw to form a 
feature in a substrate. Figs. 7a, 7c and 7e show similar cross-sectional views. 
Figs. 7a-7h show an example of how additional substrate material can be removed 
to form a desired slot configuration in the substrate. 

[00031] Fig. 4a illustrates a circular cutting disk or saw 402 positioned above 
a first surface 310a of a substrate 306a. In the present embodiment, as depicted in 
Fig. 4a, the circular saw can have a generally planar surface 404 that is oriented 
generally perpendicularly to first surface 3 10a of the substrate. Circular saw 402 is 
capable of spinning in a clockwise or counterclockwise direction about an axis of 
rotation. Other suitable embodiments can spin in one direction and reverse to spin 
in the other direction or a combination thereof. 

[00032] Suitable circular saws can have a blade comprising diamond grit, or 
other suitable material. Suitable circular saws can be obtained from Disco and 
KNS, among others. Exemplary saw blades can have diameters ranging from less 
than about l A of an inch to more than 2 inches. One particular embodiment uses a 
saw blade having a diameter of about l A inch. Saw blade widths can range from 
less than 30 microns to more than 200 microns. 

[00033] As positioned, the saw can be lowered along the y-axis to contact the 
substrate. The saw can continue to be lowered through the substrate to a desired 
depth. The cut made by this vertical movement of the saw is commonly called a 
chop or plunge cut. 
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[00034] Fig. 4b illustrates an exemplary embodiment where circular saw 402 
has been lowered along the y-axis so as to pass all of the way through a portion of 
the substrate 306a to form a feature 406 which is designated in Fig. 4c. The saw 
can then be withdrawn along the j-axis. 

[00035] Fig. 4c illustrates feature 406 after the saw is removed from the 
substrate. In the embodiment shown in Fig. 4c, feature 406 has a tapered 
elevational profile indicated generally at 408 and comprised of tapered portions 
410, 412. Feature profiles will be discussed in more detail below in relation to Fig. 
7a. 

[00036] Figs. 5a-5d illustrate another embodiment where a saw 402b can 
form a feature in a substrate 306b. The substrate is defined, at least in part, by first 
and second surfaces 310b, 312b. 

[00037] Fig. 5a illustrates the circular saw 402b positioned above the 
substrate so that the saw can be lowered along the ^-axis to contact the substrate. 
The saw can continue to be lowered through the substrate to a desired depth. 
[00038] Fig. 5b illustrates an exemplary embodiment where the saw has been 
lowered along the y-axis until the saw passes all of the way through the substrate 
306b. Other exemplary embodiments can cut through less than the entire thickness 
of the substrate, and/or make multiple passes to cut the desired thickness. 
Regardless of the depth cut, the saw can then be moved along the x-axis in contact 
with the substrate for a desired distance. This is commonly referred to as a drag 
cut. W hen t he s aw h as r eached t he d esired d istance a long t he x -axis, i t c an b e 
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moved in the opposite direction along the y-axis to cease contact with the 
substrate. 

[00039] For example, Fig 5c illustrates the saw having reached the desired 
distance in the x direction or axis. The saw can now be moved along the ;;-axis 
away from the substrate. 

[00040] Fig. 5d illustrates feature 406b formed in substrate 306b after the 
cutting performed in Figs. 5a-5c. 

[00041] Figs. 6a-6c illustrate a further embodiment where a saw 402c forms a 
feature 406c in a substrate 306c. In this embodiment, the feature has reinforcing 
substrate material or "ribs" 602 extending across the feature's long axis /. In this 
embodiment, ribs 602 extend from second surface 312c through a portion of the 
thickness / toward first surface 310c. 

[00042] The embodiment shown in Figs. 6a-6b can be formed by moving saw 
402c along a vector which simultaneously has both x-axis and jy-axis components 
For example, Fig. 6c shows one suitable saw path 604 for forming feature 406c 
shown in Fig. 6b. Saw path 604 includes movement along the x and y axes 
indicated as 606 and 608 respectively. Saw path 604 also includes movement 
along a vector that simultaneously has both *-axis and >>-axis components. One 
such example is indicated generally at 610. Such a configuration can be achieved 
among other ways, by moving the saw at a constant velocity in the x direction and 
concurrently moving the saw in the y direction at desired intervals. 
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[00043] Though the features shown in Figs. 4a-4c, 5a-5d and 6a-6c are 
illustrated as being cut with a circular saw, other exemplary features can be formed 
by one or more of sand drilling, laser machining, dry etching, wet etching, and 
mechanically cutting or abrading, among others. In some embodiments, once a 
feature is formed, additional substrate material can be removed to form a desired 
slot configuration. An example of one such process is described below in relation 
to Figs. 7a-7j. 

[00044] Figs. 7a-7b illustrate cross-sectional and elevational views 
respectively of a substrate 306d having a feature 406d formed therein. Fig. 7a 
represents a cross-sectional view taken along a long axis of feature 406d in 
substrate 306d and orthogonal to the first surface 310d, while Fig. 7b shows a view 
of the second surface 31 2d. In this embodiment, as can best be appreciated from 
Fig. 7a, a feature 406d has a tapered elevational profile when viewed along the 
long axis. 

[00045] In this embodiment, the tapered elevational profile is manifested in 
two tapered portions 410d, 41 2d of the profile. Other suitable embodiments can 
have more or fewer tapered portions. For example, Fig. 6b shows an embodiment 
with six tapered portions. 

[00046] In this embodiment tapered portions 410d, 41 2d are curvilinear. 
Other suitable embodiments can have generally linearly tapered portions, among 
others. Other suitable embodiments can have other configurations. 
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[00047] In this embodiment, tapered portions 410d, 41 2d are separated by a 
region 704 that passes through the substrate's entire thickness /. Another 
embodiment can comprise a blind feature, no portion of which passes through the 
substrate's entire thickness. 

[00048] In this embodiment, feature 406d has a generally uniform width Wj 
extending through substrate 306d between first surface 310d and second surface 
3 12d. In this embodiment, the width w } generally corresponds to the thickness of 
the saw blade used to cut the feature. Examples of suitable saw blades and 
respective dimensions are described above. 

[00049] Figs. 7c-7j illustrate a suitable technique for removing additional 
substrate material along the feature length to form a desired slot configuration. 
[00050] Figs. 7c-7d illustrate a sand drill nozzle ("nozzle") 706 positioned 
proximate second surface 31 2d. A sand drill is one suitable means for delivering 
abrasive particles for removing substrate material. Any suitable abrasive particles 
can be utilized as should be recognized by the skilled artisan. 

[00051] As can best be appreciated from Fig. 7d, nozzle 706 is positioned 
generally in line with feature 406d. Further, in this embodiment, the nozzle 
position corresponds generally to a point where tapered portion 410d defines a 
feature depth r that is approximately 100-150 microns. Other suitable 
embodiments may start the removal process with nozzle 706 in a different 
position. For example, one such embodiment may start the process with the nozzle 
positioned to correspond to a location where tapered portion 410d intersects with 
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first surface 310d. Nozzle 706 can be positioned a distance indicated as s from 
second surface 31 2d. Distance s can range from about 1000 to about 5000 
microns. In one embodiment, s is in a range of about 2000-2500 microns. 
[00052] Nozzle 706 as shown here has a terminal end proximate to the 
substrate that is generally circular when viewed in a cross-section taken generally 
transverse to an ejection path e along which abrasive particles are ejected from the 
nozzle. In this particular embodiment, ejection path e is generally perpendicular to 
second surface 31 2d, though other suitable embodiments can utilize other non- 
perpendicular ejection paths. 

[00053] As shown in Fig.7c, feature 406d has an elevational thickness at a 
point measured orthogonally between nozzle 706 and the first surface 310d 
comprising the substrate's thickness t minus the feature depth r. If nozzle 706 is 
repositioned to a point on the feature having a different feature depth, the 
elevational thickness will change accordingly. 

[00054] Though a circular configuration of nozzle 706 is shown here, other 
suitable nozzles can have a square, rectangular or elliptical configuration among 
others. Nozzle diameter d can approximate feature width Wj and/or a desired slot 
width. For example, in this embodiment, width w } is approximately 180 microns, 
and diameter d is about 200 microns. In other examples, nozzle diameter can be 
any practical range, with non-limiting examples ranging from less than 100 
microns to more than 1000 microns. 
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[00055] Figs. 7e-7f illustrate substrate 306d with additional substrate material 
removed by abrasive particles ejected from nozzle 706. Nozzle 706 has been 
moved from a first position shown in Figs. 7c-d to a new second position to eject 
abrasive particles. Examples of suitable nozzle movement will be discussed in 
more detail below. 

[00056] Figs. 7g-7j illustrate substrate 306d after additional substrate material 
has been removed by abrasive particles ejected from nozzle 706. The combination 
of removing substrate material to form the feature and the removal of additional 
substrate by particles from the sand drill nozzle forms a slot 304d. In this 
particular embodiment, an essentially uniform w idth w 2 i s maintained at second 
surface 31 2d. Other suitable embodiments may have a slightly greater width w 3 , 
w 4 at slot end regions 730, 732 respectively, than a width w 5 in a mid-region 734 
when measured orthogonal to the long axis at second surface 31 2d. Previous 
technologies created a width in the mid-region 734 that is wider than at the slot 
end region 730, 732. Slots that are wider at the mid-region can limit how closely 
the slots can be positioned relative to one another on the substrate and/or result in 
cracking in substrate material extending between two adjacent slots. 
[00057] Fig. 7i shows a top view of first surface 310d, while Fig. 7j shows a 
cross-sectional view taken transverse the long or x- axis. Slot 304d maintains a 
generally uniform width wj along the long axis at first surface 310d. Maintaining 
a generally uniform slot width at the first surface can allow slots to be positioned 
closer together on the substrate. When measured at the first surface, previous sand 



20029209-1 

16 

drilling technologies tended to have a greater slot width in the mid-region than the 
slot end regions. Slots with wide mid-regions can lead to cracking and of the 
substrate and can adversely affect positioning of components such as the firing 
chambers relative to the slot. 

[00058] As can be best be appreciated from Fig. 7j, in this embodiment the 
width wj is also the minimum slot width on substrate 306d. Maintaining a more 
uniform minimum slot width along the length of the slot may contribute to printer 
performance by, among other reasons, providing more uniform ink flow to the 
various firing chambers, shown Fig. 3, supplied by slot 304d. 

[00059] Referring again to Fig. 7g, in this embodiment slot 304d is defined, 
at least in part by two endwalls 720a, 720b. In this particular embodiment each 
endwall 720a, 720b comprises a first endwall portion 722a and 722b respectively, 
proximate to first surface 310d, and a second endwall portion 724a and 724b 
respectively, proximate second surface 31 2d. In other suitable embodiments, the 
endwalls may not have readily discernable endwall portions. Such an example is 
shown in Fig. 10a. 

[00060] In some embodiments, substrate material can be removed while 
generally maintaining the width of the existing feature. For example, in this 
embodiment, the removal technique increases the feature 1 ength (Fig. 7 a) at the 
substrate's second surface 31 2d while essentially maintaining the feature width. In 
this example, length l 2 shown in Figs. 7a-7b is increased to / 3 shown in Fig. 7g 
while generally maintaining the width w h Other suitable embodiments may utilize 
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the described technique to smooth and/or polish a feature without significantly 
increasing the width or length. 

[00061] In some embodiments, where slot 304d is formed as described above 
by forming a feature and then utilizing abrasive particles to remove additional 
substrate material, stress concentrations on particular regions of the substrate 
material can be reduced. Such stress reduction can be due to smoothing rough or 
prominent portions which could otherwise become crack initiation points. Further, 
some slots formed in this manner have a configuration where the slot is defined, at 
least in part, by substrate material at the slot ends which defines an angle of 
approximately 90 degrees or greater. One such example can be seen in Fig. 7g 
where angle 0 extends through the substrate between second surface 31 2d and 
endwall portion 724a and angle 5 extends through the substrate between second 
surface 3 1 2d a nd endwall p ortion 7 24b. A s i llustrated i n Fig. 7 g, f or e xample, 
angle 9 is approximately 110 degrees, and angle 5 is approximately 110 degrees. 
In some embodiments, such a configuration can further reduce stress 
concentrations. 

[00062] During the substrate removal process, nozzle 706 may be moved 
incrementally and/or generally continuously relative to the substrate 306d to 
remove a desired amount of substrate material. Alternatively or additionally, the 
substrate may be moved relative to the nozzle. In one example, the nozzle is 
positioned proximate a first area of the substrate to remove a desired amount of 
substrate material. Once the substrate material is removed, the nozzle is 
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repositioned to a second different position to remove additional substrate material. 
Other embodiments continually move the nozzle, but adjust the rate of movement 
to correspond to an amount of substrate material to be removed. In some 
embodiments, the nozzle speed can correlate and/or be proportional to an 
elevational thickness of the substrate remaining after feature formation. Fig. 8 
shows one embodiment where nozzle speed is generally inversely proportional to 
the elevational thickness along the feature profile. 

[00063] In this embodiment, the duration of exposure of a given region of the 
substrate's second surface to abrasive particles is adjusted to correspond to an 
amount of substrate material which is desired to be removed. In other words, a 
slower nozzle speed removes more substrate material, while a higher nozzle speed 
removes less substrate material. As such, a slower nozzle speed may be utilized in 
a region with a greater elevational thickness, and a higher nozzle speed with a 
lesser elevational thickness. Alternatively or additionally to adjusting nozzle 
speed, other exemplary embodiments may adjust other removal conditions to 
compensate for changes in the elevational thickness. For example, some 
embodiments can move the nozzle at a constant speed but vary other removal 
conditions such as the velocity at which the abrasive particles are ejected. Still 
other examples may adjust particle size and/or the amount of abrasive particles 
delivered per unit time, among others, to compensate for changes in the elevational 
thickness. 
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[00064] Fig. 9 is a side-sectional representation which shows another 
application for the described abrasive particle removal process. In this 
embodiment, abrasive particles removed additional material from substrate 306c as 
shown i n Fig. 6 b t o form a d esired s lot c onfiguration. S uch a slotted s ubstrate 
306c can combine the slot profile described in relation to Figs. 7g-7j with the ribs 
602 described above in relation to Fig. 6b. The ribs 602 can contribute to a 
stronger slotted substrate than slots of comparable length which lack such ribs. 
The exemplary abrasive particle removal process can configure this remaining 
substrate material with endwall-to-substrate surface angles o f approximately 9 0- 
degrees or greater as described above in relation to Figs. 7g-7h. The configuration 
shown here can be scaled to any desired slot length by increasing the number of 
ribs 602 positioned across the slot with increasing slot length. 
[00065] In addition to the embodiments described above, the exemplary 
abrasive particle removal process can be utilized in other applications to remove 
additional substrate material to form a desired slot configuration. One such 
example can be seen in Figs. 10 and 10a. 

[00066] Fig. 10 illustrates a cross-sectional view taken along a long axis of a 
feature 406e formed in a substrate 306e. In this particular embodiment, feature 
406e comprises a slot having a tapered elevational profile comprising a reentrant 
profile relative to second surface 312e as noted by acute angle k. A reentrant 
portion is indicated generally at 1002. In this example, feature 406e having 
tapered portion 410e is etched into the substrate. 
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[00067] Fig. 10a illustrates substrate 306e after abrasive particles removed 
additional substrate material to form a slot 304e having a desired configuration. In 
this particular embodiment, abrasive material was selectively directed only at those 
areas of the substrate proximate to the slot where substrate material was desired to 
be removed. Such a selective removal process allows the slot as defined by 
endwalls 1020a, 1020b to form angles X, [i of 90 degrees or greater relative to 
second surface 312e. A slot having this desired configuration can be less prone to 
cracking, while generally maintaining a uniform slot width. 

[00068] The described embodiments have shown only steps that remove 
material in the slot formation process. Other exemplary embodiments can also 
have steps which add material. For example, a cut can be made into the substrate 
followed b y a deposition step and then the exemplary abrasive p article removal 
process can be utilized to finish the slot. 

[00069] The described embodiments can provide methods and systems for 
forming slots in a substrate. The slots can be formed, among other ways, by 
making a saw cut to form a feature and then removing additional substrate material 
using an abrasive particle removal process. The slots can be inexpensive and 
quick to form. They can be made as long as desired and have beneficial strength 
characteristics that can reduce die fragility and allow slots to be positioned close 
together. 

[00070] Although various embodiments have been described in language 
specific to structural features and methodological steps, it is to be understood that 
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the appended claims a re n ot n ecessarily limited t o t he specific features or steps 
described. Rather, the specific features and steps are disclosed as preferred forms 
of implementation. 



